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(54) Nickel-iron containing hydrogenation catalyst 



(57) The invention is directed to a catalyst suitable 
forthe hydrogenation of hydrocarbon resins, comprising 
a supported niclcel on silica and alunrtina catalyst, said 
catalyst having a niclcel content of 45 to 85 wt.%, a sili- 
cium content, calculated as SiOg. of 14 to 45 wt.%, an 



aJuminium content, calculated as AI2O3, of 1 to 15 wt.% 
an Iron content, calculated as Fe, 0.25 to 4 wt.%, all per- 
centages having been calculated on the basis of the re- 
duced catalyst, and which catalyst has a pore volume 
between 2 and 60 nm, as defined herein, of at least 0.35 
ml/g of catalyst. 
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Description 



[0001] The invention relates to a catalyst for hydrogenating hydrocarbon resins. Hydrocarbon resins are produced 
by oligonnerisation or polymerisation of hydrocarbon fractions, typically originating from the (catalytic) cracking of cmde 
including petroleum distillates and fractions from naphtha crackers, and tend to contain impurities, including so-called 
color bodies, and other impurities including sulfur compounds, nitrogen compounds, chlorine compounds and/or fluo- 
nne compounds. In order to give the resins the required properties (chemical and physical), they are usually hydro- 
genated using conventional hydrogenation catalysts, such as nickel or precious metal catalysts. 
[0002] The hydrogenation step can be used to modify various properties of the hydrocarbon resin depending on the 
properties of the resin to be hydrogenated and the requirements put on the final resin . Examples of these modifications 
are removal of part or all of the aromatic moieties, removal of so-called color bodies (i.e. decolorizing the resin from 
yellow to colortess). modification of the molecular weight distribution (decrease of average molecular weight) and re- 
moval of impurities, such as sulfur, nitrogen and/or halogen compounds. 

[0003] Typical prior art nickel hydrogenation catalysts tend to have a very low activity In the molecular weight mod- 
's ification at mild reaction conditions. 

[0004] Accordingly there is a need for a catalyst and process wherein it is possible to obtain good catalytic activity 
in hydrogenation of hydrocarbon resins, providing a good balance of properties. Further there is a need for a catalyst 
that makes it possible to steer the balance of properties of the resulting hydrogenated hydrocarbon resin in tenns of 
molecular weight and/or color and/or chemical composition, in dependence of the wish of the end user and/or the 
onginal composition of the hydrocarison resin, while maintaining good activity of the catalyst, or even improving it 
[0005] Accordingly it is an object of the invention to provide a catalyst and process for the hydrogenation of hydro- 
cartson resins, wherein these advantages are obtained. A further object is to provide a process for the preparation of 
such a catalyst. 

[0006] The invention provides a catalyst suitable forthe hydrogenation of hydrocarbon resins, comprising a supported 
nickel on silica and alumina catalyst, said catalyst having a nickel content of 45 to 85 wt.%. a silicium content, calculated 
as SiOa. of 14 to 45 wt.%, an aluminium content, calculated as AI2O3. of 1 to 15 wt.% an iron content, calculated as 
Fe, 0.25 to 4 wt.%, all percentages having been calculated on the basis of the reduced catalyst, and which catalyst 
has a pore volume between 2 and 60 nm, as defined herein, of at least 0.35 ml/g of catalyst. 

[0007] Surprisingly it has been found that this catalyst provides a good hydrogenation of hydrocarbon resins both 
in temis of activity and in the possibility of steering the properties of the hydrocarbon resin in order to obtain useful 
properties in the hydrogenated resin. 

[0008] Surprisingly it has been found that with the catalyst of the present invention, among others characterized by 
the specific support material, active components and pore distribution, it is possible to steer the cracking behavior of 
the catalyst. In case magnesium is present in the catalyst, the cracking is suppressed, whereas without magnesium 
the catalyst shows good cracking behavior, without sacrifidngthe activity. This is quite surprising, as with other catalysts 
this influence of the presence or absence of magnesium is not found (or to a much lesser degree). The magnesium is 
present in the catalyst in amounts of up to 2.5 wt.%, calculated as metal. It is expected that the magnesium will be 
present as oxide, in view of the chemical properties of magnesium. Accordingly it is a feature of the present invention 
that by selection of the amount of this compound, the cracking of the resin may be influenced and as a consequence 
■«' the average molecular weight of the resulting resin. 

[0009] The catalyst of the present invention has a total pore volume (cylindrical pores, nitrogen adsorption pore 
diameters of 2 to 60 nm) of at least 0,35 ml/g of catalyst. 

[0010] To detenmine the total pore volume an accurately weighed sample is degassed in a special sample vessel 
under vacuum at a temperature of 1 05-220-C in orderto remove adsorbed vapors from the surface. Subsequently the 
sample vessel is immersed in a liquid nitrogen bath, causing adsorption and condensatton of nitrogen, which is Intro- 
duced In small known quantities, using the Quantachrome Autosorb-6. 

The recording of the adsorption isothemn is followed by the recording of the desorption isotherm by removing the 
nitrogen in small known quantities. The desorption isothema is utilized to calculate the nitrogen pore volume distribution 
using the BJH-method. 

so [001 1] The Loose Apparent Bulk Density ( LABD. is the density of powder, measured in 1 00 ml cylindrical measuring 
flask after 1 0 minutes settling without any extemal force) is preferably less than 0.30 g/ml 

[0012] The nickel content of the catalyst, based on the weight of the reduced catalyst is between 45 and 85 wt % 
wrth a preference for a value between 55 and 75 wt.%. Within these ranges the optimum for activity and selectivity Is 
obtained. The support material is a combination of silica and alumina. This may be a mixture of the two components 
but IS also possible that the silicium and aluminium ions are at least partly in the same crystal lattice 
[0013] The catalyst according to the invention can be prepared by various methods, such as impregnation of the 
mn1'!,*'°"'''°"®"^^ °" ^ prefonned silica and alumina containing support, or precipitation on the said support 
[0014] It IS, however, preferred to prepare the supported catalyst by coprecipitation. This comprises precipitating the 
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catalyst components (catalyst precursor) from solutions of nickel salt, iron salt, aluminium salt and siliclum compound, 
and optional other components, usually by raising or maintaining the pH above about 7.5 by adding a lye. urea, or by 
electrochemical means. Usual techniques may be applied herein, such as adding all solutions at the same time to the 
precipitation vessel, or providing one or more components therein and adding the others to the vessel. 
[0015] The present invention Is accordingly also directed to a process for preparing a supported nickel on silica and 
alumina catalyst, said catalyst having a nickel content of 45 to 85 wt.%, a sllicium content, calculated as SiOg, of 14 
to 45 wt.%, an aluminium content, calculated as AI2O3. of 1 to 15 wt.% an iron content, calculated as Fe, 0.25 to 4 wt. 
%, all percentages having been calculated on the basis of the reduced catalyst, and which catalyst has a pore volume 
between 2 and 60 nm. as defined herein, of at least 0.35 ml/g of catalyst, said process comprising copreclpitating the 
catalyst components at a pH-value of at least 7.5, recovering the copredpltated material from the precipitation liquid, 
washing It and further treating it to produce the catalyst. 

[0016] The precipitate is subsequently filtered off, washed and further treated as need be. This may include calci- 
nation, reduction and passivation. In case magnesium is present In the catalyst this may be included in the solution 
from which the catalyst is precipitated. 

[0017] In the present invention various hydrocartDon resin feedstocks may be used. A general definition of hydrocar- 
bon resins has been given in ISO 472. namely products produced by polymerization from coal tar. petroleum and 
turpentine feedstocks. Preferred are petroleum distillates, resins, and the like. It is possible to use these feedstocks 
directly, but it is also possible to use the product from a previous hydrodesulfurisation process, I.e a feedstock having 
a reduced sulfur content, for example in the range of up to 500 ppm, preferably up to 300 ppm. 
[0018] The process according to the invention comprises hydrogenating the hydrocarbon resin using the catalyst 
described above. Suitable temperatures and pressures are based on the properties of the resin, the properties required 
of the end-product and the actual composition and structure of the catalyst. Suitable temperatures are between 1 00 
and 350*»C, with a preference for temperatures between 250 and 325^C; partial hydrogen pressures can be between 
1 and 150 bar (abs), and the hydrogenatlon time is mainly dependent on the temperature, amount of catalyst and 
^5 required degree of hydrogenatlon of the resin. 

[0019] The process is preferably earned out in batch, wherein the catalyst is dispersed in the hydrocariaon resin as 
powder. Suitable particle sizes of powder are between 1 and 1 000 |xm. The consumption of fresh catalyst In the process 
is usually between 0.25 and 4 wt.% relative to the resin. 

[0020] The process can be carried out in various reactors suitable for slurry hydrogenatlon, such as stln-ed tank 
30 reactors (optionally cascaded) or loop reactors. 

[0021] Use of the catalyst as described above results in a hydrogenatlon of hydrocari^on resins to a product having 
a carefully balanced set of properties, both chemically and physically. At the same time the hydrogenatlon results in a 
decrease of the amount of impurities in the final product. 

[0022] The present Invention Is now elucidated on the basis of the following example. 
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EXAMPLES 



EXAMPLE 1 



40 [0023] Solutions containing nickel and magnesium salts, silicate and sodium carbonate were mixed in a well stln-ed 
precipitation vessel at a temperature of 80**C. 

The pH of the slurry formed was about 7,5 and after 1 hour the precipitation was completed. 

After washing the precipitate, the precursor of the catalyst was filtered and dried in an oven at 11 0**C. The catalyst was 
activated at with hydrogen. 

The composition and the physical properties of the resulting catalyst are specified In table 1 , 
EXAMPLE 2 

[0024] Solutions containing nfckel and iron(lll) salts, silicate, aluminate and sodium carbonate were mixed in a well 
so stirred precipitation vessel at a temperature of 80*»C. The pH of the slurry fomied was about 7.5 and after 1 hour the 
precipitation was completed. 

After washing the precipitate, the precursor of the catalyst was filtered and dried in an oven at 1 1 0*C. The catalyst was 
activated with hydrogen. 

The composition and the physical properties of the resulting catalyst are specified in table 1 . 
EXAMPLES 

[0025] Solutions containing nickel. Iron(lll) and magnesium salts, silicate, aluminate and sodium carbonate were 
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mixed in a well stirred precipitation vessel at a temperature of 80®C. 

The pH of the slurry fonned was about 7.5 and after 1 hour the precipitation was completed. 

After washing the precipitate, the precursor of the catalyst was filtered and dried in an oven at 1 1 0**C. The catalyst was 
activated with hydrogen. 

The composition and the physical properties of the resulting catalyst are specified in table 1 . 



EXAIVIPLE4 



[0026] 500 g of a 50 wt% hydrocarbon resin (containing 75 ppm S compounds) solution in Shellsol D40 mixed with 
3.75 grams of a nickel catalyst was heated in a 1 liter autoclave under 2 bars hydrogen and agitated at 1400 rpm. 
As soon as a temperature reached 275^*0, the hydrogen pressure was increased to 90 bar. The subsequent hydro- 
genation process was monitored by recording the hydrogen consumption. The activity of the catalyst on resin hydro- 
genation, Is expressed as the reaction rate constant, obtained from linear regression between 40% and 70% conversion. 
At 70% conversion the resin mixture is filtered and the molecular weight distribution is detemiined by means of GPC. 
The cracking level can be expressed as the reduction of the average molecular weight compared to the original resin 
feed. 

The catalysts described In example 1 . 2 and 3 were subject to the above described activity test. The results of these 
tests are specified In table 1 . 



20 Table 1 







Example 1 


Example 2 


Example 3 


Ni 


Wt.-% 


62 


62 


60 


Mg 


Wt.-% 


2.8 


0 


2.0 


Fe 


Wt.-% 


0 


1.5 


0.8 


SiOg 


wt.-% 


11 


22 


18 


AlgOg 


wt.-% 


0 


3.1 


3.0 


Pore Volume (2-60 nm) 


ml/g 


0.30 


0.66 


0.45 


LABD 


g/ml 


0.32 


0.21 


0.29 












Reaction rate constant resin hydrogenatlon 


mol Hg/h/h 


2.0 


6.1 


5.8 


Reduction of average molecular weight 


% 


3 


16 


0 



Claims 

1 . Catalyst suitable for the hydrogenatlon of hydrocarbon resins, comprising a supported nickel on silica and alumina 
catalyst, said catalyst having a nickel content of 45 to 85 wt.%, a sillcium content, calculated as SIO2, of 14 to 45 
wt.%, an aluminium content, calculated as AI2O3, of 1 to 15 wt.% an iron content, calculated as Fe, 0.25 to 4 wt. 
%, all percentages having been calculated on the basis of the reduced catalyst, and which catalyst has a pore 
volume between 2 and 60 nm. as defined herein, of at least 0.35 ml/g of catalyst. 

2. Catalyst according to claim 1 , wherein additionally up to 2.5 wt.% magnesium, at least partly In the form of oxide 
is present in the catalyst. 



3. Catalyst according to claim 1 or 2, wherein the nickel content Is between 55 and 75 wt.% of the reduced catalyst. 

4. Catalyst according to claims 1 -3, wherein the catalyst is a copreclpitated catalyst. 

5. Process for the hydrogenation of hydrocarbon resins in the presence of a supported nickel catalyst, wherein the 
hydrogenatlon is perfomied In the presence the catalyst according to any one of the claims 1-4. 

6. Process according to claim 5, wherein the color bodies present in the resin are hydrogenated. 
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7. Process according to claim 5 or 6, wherein the molecular weight distribution of the resin is influenced by the com- 
position of the catalyst. 

8. Process according to claims 5-7, wherein sulfur, halogen and/or nitrogen Impurities are at least partly removed 

from the resin. 

9. Process for the preparation of a supported nickel on silica and alumina catalyst, said catalyst having a nickel 
content of 45 to 85 wt.%. a sllicium content, calculated as SiOg: of 14 to 45 wt.%, an aluminium content, calculated 
as AI2O3, of 1 to 1 5 wt.% an Iron content, cateulated as Fe, 0.25 to 4 wt.%, all percentages having been calculated 
on the basis of the reduced catalyst, and which catalyst has a pore volume between 2 and 60 nm. as defined 
herein, of at least 0.35 ml/g of catalyst, which process comprises coprecipltating the catalyst components at a pH- 
value of at least 7.5, recovering the coprecipitated material from the precipitation liquid, washing it and further 
treating it to produce the catalyst 
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